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InTRoduCTIon
Penicillium	 sect.	Chrysogena was introduced by Frisvad & 
Samson	 (2004)	 for	 species	having	 ter-	 or	 quarterverticillate	
branched	conidiophores,	relatively	short	phialides	(<	10	µm)	
and	smooth	to	ﬁnely	roughened	conidia.	Four	series	and	eight	
species	(P. aethiopicum, P. chrysogenum, P. confertum, P. di­
podomyis, P. flavigenum, P. mononematosum, P. nalgiovense 
and P. persicinum) were	accepted	in	this	section.	Only	species	
lacking	a	sexual	state	were	included,	but	a	close	afﬁnity	with	
Eupenicillium egyptiacum	 was	 suggested.	Recently,	 single	
name nomenclature was applied in Penicillium and both asexual 
and	sexual	reproducing	species	were	included	in	the	redeﬁned	
genus	 (Houbraken	&	Samson	2011).	Using	a	multigene	ap-
proach, Penicillium	was	 divided	 into	 25	 sections	 and	 sect.	
Chrysogena was expanded to include species with a sexual 
state	(P. egyptiacum, P. kewense, P. molle and P. sinaicum),	
and the recently resurrected species P. rubens.
With the exception of P. chrysogenum, P. nal giovense and 
P. rubens,	the	species	of	sect.	Chrysogena are primary soil-
borne	 (Frisvad	&	Samson	2004).	Penicillium chrysogenum 
(and	P. rubens)	 garner	much	 research	 interest	 because	 of	





Another biotechnologically important species of this section is 
P. nalgiovense, which is used as a fungal starter culture for the 
production	of	fermented	meat	products	(Leistner	1990).
Penicillium chrysogenum is best known for the production of 
the antibiotic penicillin and for this reason its taxonomy has 
received	much	attention.	Initially,	Fleming’s	penicillin	produc-
ing	 strain	was	 identiﬁed	 as	P. rubrum	 (Fleming	 1929)	 but	
because of changing taxonomic schemes, it was often called 
P. notatum	(Thom	1945,	Raper	&	Thom	1949),	P. chrysogenum 







introduced and four species were accepted: P. chrysogenum, 
P. cyaneofulvum, P. meleagrinum and P. notatum.	The	name	
P. notatum	was	maintained	for	Fleming’s	strain	but	the	strain	




to designate distinct phenotypic differences because of inter-
grading	strains.	Therefore,	Samson	et	al.	(1977)	placed	P. cya­ 
neofulvum, P. meleagrinum, P. notatum and six additional 
species and varieties into synonymy with P. chrysogenum and 
as	a	result,	both	Fleming’s	penicillin	producing	strains	and	the	
Wisconsin	strain	were	classiﬁed	as	P. chrysogenum.	Although	
various species similar to P. chrysogenum were examined by 
new penicillin-producing Penicillium species and an 









Abstract			Species	classiﬁed	in	Penicillium	sect.	Chrysogena are primary soil-borne and the most well-known mem-
bers are P. chrysogenum and P. nalgiovense.	Penicillium chrysogenum has received much attention because of its 
role	in	the	production	on	penicillin	and	as	a	contaminant	of	indoor	environments	and	various	food	and	feedstuffs.	
Another biotechnologically important species is P. nalgiovense, which is used as a fungal starter culture for the 
production	of	fermented	meat	products.	Previous	taxonomic	studies	often	had	conflicting	species	circumscriptions.	
Here, we present a multigene analysis, combined with phenotypic characters and extrolite data, demonstrating 
that	sect.	Chrysogena	consists	of	18	species.	Six	of	these	are	newly	described	here	(P. allii­sativi, P. desertorum, 
P. goetzii, P. halotolerans, P. tardochrysogenum, P. vanluykii)	and	P. lanoscoeruleum was found to be an older 
























was	identiﬁed	as	P. griseoroseum and the Wisconsin strain as 
P. chrysogenum.	Following	Pitt’s	monograph,	various	new	ap-
proaches were applied to the taxonomy of P. chrysogenum.	
Physiological,	 extrolite	 and	 isozyme	 data	 suggested	 that	 
P. griseoroseum and	related	synonyms	were	conspeciﬁc	with	 
P. chrysogenum	(Frisvad	&	Filtenborg	1989,	Banke	et	al.	1997),	
in which case the less commonly used name P. griseoroseum 
would have displaced the better known P. chrysogenum.	To	
avoid	a	name	change	for	penicillin	producing	strains,	Kozakie-
wicz	et	al.	(1992)	proposed	formal	conservation	of	the	name	 
P. chrysogenum	and	 rejection	of	 the	older	P. griseoroseum, 
along with its synonyms P. citreoroseum and P. brunneorubrum.	
The	proposal	was	accepted	and	the	name	P. chrysogenum is 








named these clades P. chrysogenum and P. rubens.	Interest-
ingly,	Fleming’s	strain	and	the	Wisconsin	strain	both	reside	in	
a clade with P. rubens	(Houbraken	et	al.	2011a).
The	ﬁrst	aim	of	 the	present	study	was	 to	elucidate	 the	phy-
logenetic	 relationships	 among	 species	 belonging	 to	 sect.	
Chrysogena	 using	partial	RPB1,	RPB2	 (RNA	polymerase	 II	
genes),	β-tubulin	and	calmodulin	gene	sequences.	A	 further	
objective	was	 to	 describe	 the	 six	 new	species	 identiﬁed	as	
belonging	 to	 this	 section,	 using	a	 combination	 of	 sequence	
data, pheno typic characteristics and extrolite data, including 
penicillin	production.	In	addition,	an	overview	of	species	belong-
ing	to	sect.	Chrysogena	and	their	synonyms	is	presented.	The	
taxonomy of P. chrysogenum	s.str.	has	often	been	controversial	
and the ultimate goal of this manuscript is to obtain a robust, 
reproducible and stable species concepts for this economically 
important	species.	A	network	analysis	based	on	eight	genes	
(RPB1,	RPB2,	 calmodulin,	β-tubulin,	 ITS,	 acetyl-CoA	 ligase	
(FacA),	 phosphoadenosine-5-phosphosulfate	 reductase	
(ParA),	 anthranilate	 synthase	multifunctional	 protein	 (TrpC))	
is performed in order to get insight in the haplotype diversity 
















relationships	among	species	of	sect.	Chrysogena, parts of the 
RPB1	(RNA	polymerase	 II	 largest	subunit;	 regions	E	and	F,	
according	Matheny	et	al.	2002),	RPB2	(polymerase	II	second	
largest	subunit;	regions	5–7),	calmodulin	(cmd)	and	β-tubulin 








bining datasets, each individual dataset was analysed using 
Neighbour	 Joining	 (NJ)	 analysis	 in	MEGA5.	The	number	of	

















Morphological analysis and extrolite analysis
For macromorphological analysis, strains were inoculated at 
three	points	onto	Czapek	yeast	agar	(CYA),	CYA	supplemented	
with	5	%	NaCl	(CYAS),	yeast	extract	sucrose	agar	(YES),	malt	
extract	 agar	 (MEA),	 creatine	 agar	 (CREA),	 dichloran	 18	%	




and the degree of sporulation, obverse and reverse colony 









least 20 conidia, ascospores, phialides, metulae, branches 
and	ascomata.	Detailed	analysis	of	the	ornamentation	of	the	




each agar medium, pooled and extracted according the method 
described	 by	Smedsgaard	 (1997).	The	 extracts	were	 sub-
sequently	analysed	according	the	HPLC-diode	array	detection	
method	(Frisvad	&	Thrane	1987)	as	modiﬁed	by	Houbraken	























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































GAG),	 facA-R_Pc	 (ACACGACCGCGGATCCAGTA))),	 ParA	
(3-phosphoadenosine-5-phosphosulfate	reductase;	(parA-F_Pc	 
(CCCGAGATTGTTTTCACCAA),	 parA-R_Pc	 (ACCTTG-
GCCACCCAGTCGTA)))	 and	TrpC	 (anthranilate	 synthase	
















Fig. 1			Best-scoring	Maximum	Likelihood	 (ML)	 tree	using	RAxML	based	on	a	combination	of	partial	calmodulin,	β-tubulin,	RPB1	and	RPB2	sequences,	
showing the relationship among members of Penicillium section Chrysogena.	The	bootstrap	(bs)	values	of	the	ML	analysis	and	the	BI	posterior	probabilities	
(pp)	values	are	presented	at	the	nodes	(bs/pp).	Values	less	than	70	%	supported	in	the	ML	analysis	or	less	than	0.95	in	the	BI	analysis	are	omitted,	whereas	
asterisks	indicate	full	support	(100	%	bs,	1.00	pp).	The	branches	with	more	than	95	%	bootstrap	support	and	1.00	pp	values	are	thickened.	The	phylogram	is	




P.	  vanluykii	  sp.	  nov.	  
P.	  tardochrysogenum	  sp.	  nov.	  




P.	  desertorum	  sp.	  nov.	  





























































































































CBS 183.72 93/* 
96/* 
*/* 
CBS 185.27NT P. griseofulvum 
84/0.99 
P.	  persicinum	  
P.	  lanosocoeruleum	  	  CBS 215.30T 



























P. goetzii		 1)	andrastin	A;	 2)	citreoisocoumarin;	 3)	fumitremorgin	A,	 verruculogen;	 4)	isoepoxydon;	 5)	10,23-dihydro-24,25-dehydroaflavinine	&	
10,23,24,25-tetrahydro-24-hydroxyaflavinine;	6)	‘GLAD’
P. halotolerans  1)	andrastin	A;	2)	Raistrick	phenols,	roquefortine	C,	D	and	meleagrin;	3)	‘CUCU’	and	other	polar	polyketides;	4)	‘PLIL’
P. kewense 1)	andrastin	A;	2)	fumitremorgin	A	&	verruculogen;	3)	10,23-dihydro-24,25-dehydroaflavinine	&	10,23,24,25-tetrahydro-24-hydroxyaflavinine;	
4)	isoepoxydon;	5)	4’-oxomacrophorin	A	&	D;	6)	roquefortine	C;	7)	‘KEWS’	1-3































six represent new species, named here as P. allii­sativi, P. de­
sertorum, P. goetzii, P. halotole rans, P. tardochrysogenum and 
P. vanluykii.	Penicillium allii­sativi, P. chrysogenum, P. rubens, 
P. tardochrysogenum and P. vanluykii together formed a well- 
supported clade in each analysis of the individual genes 
(>	87	%	bootstrap	support),	except	for	calmodulin	(Fig.	2).	The	
clustering within this clade was generally poorly supported and 
varied	among	the	examined	datasets;	however,	analysis	of	the	
combined	dataset	generated	highly	supported	clades	(Fig.	1).	
Analysis of the combined dataset shows that P. allii­sativi is 
basal to the other species of this clade, and that P. chrysogenum 
and P. rubens are sister species with P. vanluykii	basal	to	them.	
The	position	of	isolates	CBS	412.69	(ex-type	of	P. harmonense),	
DTO	102-B2	and	DTO	102-B7	were	 in	conflict	between	 the	
cmd dataset and the phylogram based on combined nucleotide 
data.	This	set	of	isolates	resides	in	the	P. rubens clade in the 
cmd	dataset	with	 statistical	 support	 (bootstrap	 value	84	%),	
while they were positioned in the P. chrysogenum clade in the 
combined	phylogram.
All P. dipodomyis, P. flavigenum and P. nalgiovense isolates 
formed distinct well-supported clades in all datasets, and 
all P. desertorum strains clustered in a well-supported clade 
except in the β-tubulin	gene	tree.	Penicillium dipodomyis and 
P. nalgiovense are sister species in all individual datasets and 
some variation was observed within the P. dipodomyis	clade;	
however,	this	pattern	was	incongruent	among	datasets.	Fig.	1	 
(combined	analysis)	shows	that	P. confertum is basal to P. mono­ 
nematosum, but it renders the P. mononematosum clade para-
phyletic in the β-tubulin	dataset.	Three	subclades	are	consist-




ex-type of P. lanoscoeruleum CBS	215.30T and P. aethio picum 
CBS	484.84T resolve in a single clade and priority is given to 
the	former	(oldest)	name.	
Four species are known to form ascospores and three of these, 
P. egyptiacum, P. kewense and P. sinaicum, group in a clade 
with	full	support	(100	%	bootstrap	support,	1.00	pp).	Three	line- 
ages were observed within the P. egyptiacum	clade.	One	lineage	 
was centred on the neotype of P. egyptiacum	(CBS	244.32NT),	
another	on	CBS	457.72	and	CBS	458.72	and	the	third	consisted	
of	CBS	456.72T, the ex-type strain of both Penicillium molle 
and Eupenicillium molle.	These	 lineages	were	present	 in	all	
85J.	Houbraken	et	al.:	New	species	in	Penicillium section Chrysogena
analysed	 individual	datasets.	The	combined	analysis	placed	 
P. goetzii basal to the asexual Penicillium	species;	however,	this	
is	not	the	case	for	individual	datasets.	In	the	RPB1	dataset,	this	
species was grouped together with other ascospore producing 
species	(89	%	bootstrap	support).
Morphology, physiology and extrolites
Penicillium chrysogenum, P. rubens, P. tardochrysogenum, 






by all except P. tardochrysogenum.	There	are	also	differences	
among	the	species	of	 this	section.	Penicillium vanluykii pro-
duces	dark	green	conidia	on	MEA	and	CYA,	yellow	soluble	
pigments	 on	CYA	 incubated	at	 30	°C	and	a	 series	 of	 char-
acteristic	unidentiﬁed	extrolites.	In	common	with	P. vanluykii, 
P. allii­sativi also produces conidia in shades of dark green on 
CYA;	however,	there	is	no	yellow	soluble	pigment	production	
on	CYA	 incubated	at	30	°C	or	 in	 insigniﬁcant	amounts.	This	
species	also	produces	a	diagnostic	array	of	extrolites	(Table	2)	 
including	 the	potent	mycotoxin	 verrucosidin.	Penicillium tar­
dochrysogenum	is	represented	by	one	strain	(CBS	132200T).	




produces the asperentins, a series of compounds not produced 
by other members of series Chrysogena.
Phylogenetic analyses show that P. halotolerans and P. deser­
torum	 are	sister	 species	 (Fig.	1)	and	phenotypic	characters	
support	their	classiﬁcation	in	sect.	Chrysogena	(CYAS	:	CYA	
ratio	>	1;	velvety	colonies	and	production	of	short,	ampulliform	
phialides).	Penicillium halotolerans can be differentiated from 
P. desertorum by the production of yellow soluble pigments 
on	CYA	 incubated	at	30	°C.	Furthermore,	 the	conidiophores	
of P. desertorum have various short, divaricate branches at 
various levels along the stipe, while P. halotolerans has ter- or 
quarterverticillate	branched	conidiophores	like	other	species	of	
sect.	Chrysogena.	Strains	of	P. desertorum consistently produce 
species-speciﬁc	proﬁles	of	extrolites	(Table	2).	Some	of	these	
extrolites are partially characterised and details on retention 
time,	retention	index	and	UV	maxima	(nm)	are	given	in	Table	




Four	of	the	18	species	(P. egyptiacum, P. goetzii, P. kewense 
and P. sinaicum)	are	capable	of	forming	a	sexual	state.	These	
species are characterised by the production of creamish, avel-




other	by	various	characters.	Penicillium egyptiacum is a good 
acid	 producer	 on	CREA,	while	 the	 other	 species	 do	 not	 or	
produce	limited	amounts	of	acidic	compounds.	These	species	
also	differ	in	ascospore	size	and	ornamentation	(Fig.	3).	The	
ascospores of P. egyptiacum	measure	2–3 × 2.5–3.5	µm,	but	
vary	 in	 their	ornamentation.	CBS	244.32NT	and	CBS	137.70	
have inconspicuous ridges and smooth-walled valves, while 
ascospores	of	CBS	457.72	have	closely	separated	equatorial	
ridges,	with	prominent	secondary	ridges	and	roughened	valves.	
In	contrast,	 the	ascospores	of	P. goetzii	are	 larger,	3–4.5 × 
2.5–4	µm,	with	 two	distinct	 equatorial	 ridges	and	often	 two	
secondary ridges that are connected by transverse ribs and 
valves	ornamented	with	a	reticulate	pattern.	The	ascospores	
of P. kewense take an intermediate position between those of 
P. egyptiacum and P. goetzii, and P. sinaicum	is	unique	in	hav-
ing	ascospores	without	a	distinct	equatorial	ridge	and	reticulate	
valves	(Fig.	3).	Penicillium egyptiacum, P. goetzii, P. kewense 
and P. sinaicum also	produce	species-speciﬁc	patterns	of	ex-
trolites.	Penicillic	acid,	Raistrick	phenols	and	secalonic	acids	
D & F are produced by P. egyptiacum but not by the other 
ascospore	producing	species.	On	the	other	hand,	andrastin	A,	
fumitremorgin A and verruculogen are produced by P. goetzii 
and P. kewense,	and	the	uncharacterised	compound	‘GLAD’	
is only produced by P. goetzii.
ITS barcoding
ITS	 sequences	were	 generated	 to	 assess	 the	 suitability	 of	
this	 locus	 for	species	 identiﬁcation	 in	sect.	Chrysogena and 
44	%	of	the	species	can	unequivocally	be	identiﬁed	with	this	
locus.	Penicillium confertum, P. goetzii, P. halotolerans, P. lano­ 
scoeruleum, P. mononematosum, P. nalgiovense and P. per­
cisinum	 can	 be	 reliably	 identiﬁed	 by	 ITS	 sequencing.	 Five	
ITS	sequence	variants	are	present	in	our	revised	concept	of	 
P. chrysogenum.	A	total	of	61	%	of	the	P. chrysogenum strains 
have	identical	ITS	sequences	and	this	sequence	is	also	present	
in P. tardochrysogenum	(100	%)	and	P. allii­sativi	(100	%).	A	
different P. chrysogenum	sequence	was	observed	in	15	%	of	
the	examined	strains	 (e.g.	CBS	776.95,	CBS	131522,	CBS	






by	Henk	et	 al.	 (2011).	 ITS	 sequences	 could	 not	 distinguish	 




A detailed analysis was performed on 88 P. allii­sativi, P. chry­
sogenum, P. rubens, P. tardochrysogenum and P. vanluykii 










sogenum strains is higher than among P. rubens	strains.	The	
full	genome	sequenced	P. rubens	strain	Wisconsin	54-1255	
belongs	to	haplotype	1.	This	haplotype	includes	most	of	 the	
other P. rubens	 strains,	 including	 the	 ex-type	 strain	CBS	
129667T	 (9/20	P. rubens	 isolates).	Serendipitously,	 a	 strain	













CBS	  131526	  P.	  chrysogenum	  
CBS	  355.48	  P.	  chrysogenum	  
CBS	  314.48	  P.	  chrysogenum	  
CBS	  131524	  P.	  chrysogenum	  
CBS	  131525	  P.	  chrysogenum	  
CBS	  302.67	  P.	  chrysogenum	  
CBS	  132217	  P.	  chrysogenum	  
CBS	  259.29	  P.	  chrysogenum	  
CBS	  131527	  P.	  chrysogenum	  
CBS	  306.48T	  P.	  chrysogenum	  
CBS	  776.95	  P.	  chrysogenum	  
CBS	  131536	  P.	  chrysogenum	  
CBS	  132213	  P.	  chrysogenum	  
CBS	  131535	  P.	  chrysogenum	  
CBS	  412.69	  P.	  chrysogenum	  
CBS	  339.52	  P.	  rubens	  
CBS	  205.57	  P.	  rubens	  
CBS	  349.48	  P.	  rubens	  
CBS	  197.46	  P.	  rubens	  
CBS	  307.48	  P.	  rubens	  
CBS	  319.59	  P.	  rubens	  
CBS	  129667T	  P.	  rubens	  
CBS	  131523	  P.	  rubens	  
CBS	  131539T	  P.	  vanluykii	  
CBS	  132070	  P.	  vanluykii	  
CBS	  132197	  P.	  vanluykii	  
CBS	  132200T	  P.	  tardochrysogenum	  
CBS	  132072	  P.	  allii-­‐sa7vi	  
CBS	  132207	  P.	  allii-­‐sa7vi	  
CBS	  132074T	  P.	  allii-­‐sa7vi	  
CBS	  131544	  P.	  allii-­‐sa7vi	  
CBS	  132071	  P.	  allii-­‐sa7vi	  
CBS	  132247	  P.	  ﬂavigenum	  
CBS	  419.89T	  P.	  ﬂavigenum	  
CBS	  110409	  	  P.	  ﬂavigenum	  
CBS	  110411	  P.	  ﬂavigenum	  
CBS	  110406	  P.	  ﬂavigenum	  
CBS	  110407	  P.	  ﬂavigenum	  
CBS	  109616	  P.	  mononematosum	  
CBS	  112575	  P.	  mononematosum	  
CBS	  112105	  P.	  mononematosum	  
CBS	  112106	  P.	  mononematosum	  
CBS	  112104	  P.	  mononematosum	  
CBS	  172.87T	  P.	  mononematosum	  
CBS	  131542	  P.	  desertorum	  
CBS	  131543T	  P.	  desertorum	  
CBS	  131515	  P.	  desertorum	  
CBS	  131514	  P.	  desertorum	  
CBS	  131537T	  P.	  halotolerans	  
CBS	  171.87T	  P.	  confertum	  
CBS	  110412T	  P.	  dipodomyis	  
CBS	  110414	  P.	  dipodomyis	  
CBS	  170.87	  P.	  dipodomyis	  
CBS	  110413	  P.	  dipodomyis	  
CBS	  112570	  P.	  dipodomyis	  
CBS	  110415	  P.	  dipodomyis	  
CBS	  109610	  P.	  nalgiovense	  
CBS	  352.48NT	  P.	  nalgiovense	  
CBS	  112438	  P.	  nalgiovense	  
CBS	  318.92	  P.	  nalgiovense	  
CBS	  484.84	  P.	  lanosocoeruleum	  
CBS	  215.30T	  P.	  lanosocoeruleum	  
CBS	  111235T	  P.	  persicinum	  
DTO	  055H3	  P.	  goetzii	  
CBS	  812.70	  P.	  goetzii	  
DTO	  055H1	  P.	  goetzii	  
DTO	  055H2	  P.	  goetzii	  
CBS	  581.67	  P.	  goetzii	  
CBS	  285.73T	  P.	  goetzii	  
CBS	  635.70	  P.	  goetzii	  
CBS	  244.32NT	  P.	  egyp9acum	  
CBS	  867.70	  P.	  egyp9acum	  
CBS	  137.70	  P.	  egyp9acum	  
CBS	  457.72	  P.	  egyp9acum	  
CBS	  458.72	  P.	  egyp9acum	  
CBS	  456.72	  P.	  egyp9acum	  
CBS	  227.81	  Penicillium	  sp.	  
CBS	  653.82	  Penicillium	  sp.	  
CBS	  183.72	  P.	  kewense	  
CBS	  344.61IsoT	  	  P.	  kewense	  
CBS	  279.82T	  P.	  sinaicum	  
































CBS	  131524	  P.	  chrysogenum	  
CBS	  131525	  P.	  chrysogenum	  
CBS	  776.95	  P.	  chrysogenum	  
CBS	  314.48	  P.	  chrysogenum	  
CBS	  302.67	  P.	  chrysogenum	  
CBS	  355.48	  P.	  chrysogenum	  
CBS	  131536	  P.	  chrysogenum	  
CBS	  306.48T	  P.	  chrysogenum	  
CBS	  131527	  P.	  chrysogenum	  
CBS	  132213	  P.	  chrysogenum	  
CBS	  259.29	  P.	  chrysogenum	  
CBS	  131526	  P.	  chrysogenum	  
CBS	  132217	  P.	  chrysogenum	  
CBS	  131535	  P.	  chrysogenum	  
CBS	  132200T	  P.	  tardochrysogenum	  
CBS	  412.69	  P.	  chrysogenum	  
CBS	  131544	  P.	  allii-­‐sa7vi	  
CBS	  132207	  P.	  allii-­‐sa7vi	  
CBS	  132071	  P.	  allii-­‐sa7vi	  
CBS	  132072	  P.	  allii-­‐sa7vi	  
CBS	  132074T	  P.	  allii-­‐sa7vi	  
CBS	  131539T	  P.	  vanluykii	  
CBS	  132197	  P.	  vanluykii	  
CBS	  132070	  P.	  vanluykii	  
CBS	  131523	  P.	  rubens	  
CBS	  205.57	  P.	  rubens	  
CBS	  307.48	  P.	  rubens	  
CBS	  319.59	  P.	  rubens	  
CBS	  197.46	  P.	  rubens	  
CBS	  339.52	  P.	  rubens	  
CBS	  129667T	  P.	  rubens	  
CBS	  349.48	  P.	  rubens	  
CBS	  110407	  P.	  ﬂavigenum	  
CBS	  419.89T	  P.	  ﬂavigenum	  
CBS	  132247	  P.	  ﬂavigenum	  
CBS	  110411	  P.	  ﬂavigenum	  
CBS	  110409	  P.	  ﬂavigenum	  
CBS	  110406	  P.	  ﬂavigenum	  
CBS	  109616	  P.	  mononematosum	  
CBS	  11257	  P.	  mononematosum	  
CBS	  112105	  P.	  mononematosum	  
CBS	  112106	  P.	  mononematosum	  
CBS	  112104	  P.	  mononematosum	  
CBS	  172.87T	  P.	  mononematosum	  
CBS	  171.87T	  P.	  confertum	  
CBS	  110413	  P.	  dipodomyis	  
CBS	  110414	  P.	  dipodomyis	  
CBS	  110412T	  P.	  dipodomyis	  
CBS	  170.87	  P.	  dipodomyis	  
CBS	  112570	  P.	  dipodomyis	  
CBS	  110415	  P.	  dipodomyis	  
CBS	  112438	  P.	  nalgiovense	  
CBS	  318.92	  P.	  nalgiovense	  
CBS	  352.48NT	  P.	  nalgiovense	  
CBS	  109610	  P.	  nalgiovense	  
CBS	  131514	  P.	  desertorum	  
CBS	  131515	  P.	  desertorum	  
CBS	  131543T	  P.	  desertorum	  
CBS	  131542	  P.	  desertorum	  
CBS	  131537T	  P.	  halotolerans	  
CBS	  484.84	  	  P.	  lanosocoeruleum	  
CBS	  215.30T	  P.	  lanosocoeruleum	  
CBS	  111235T	  P.	  persicinum	  
CBS	  244.32NT	  P.	  egyp9acum	  
CBS	  867.70	  P.	  egyp9acum	  
CBS	  137.70	  P.	  egyp9acum	  
CBS	  456.72	  P.	  egyp9acum	  
CBS	  457.72	  P.	  egyp9acum	  
CBS	  458.72	  P.	  egyp9acum	  
CBS	  279.82T	  P.	  siniacum	  
CBS	  227.81	  Penicillium	  sp.	  	  
CBS	  653.82	  Penicillium	  sp.	  	  
CBS	  344.61IsoT	  P.	  kewense	  
CBS	  183.72	  P.	  kewense	  
DTO	  055H1	  P.	  goetzii	  
DTO	  055H3	  P.	  goetzii	  
DTO	  055H2	  P.	  goetzii	  
CBS	  635.70	  P.	  goetzii	  
CBS	  581.67	  P.	  goetzii	  
CBS	  812.70	  P.	  goetzii	  
CBS	  285.73T	  P.	  goetzii	  
































CBS	  131523	  P.	  rubens	  
CBS	  339.52	  P.	  rubens	  
CBS	  319.59	  P.	  rubens	  
CBS	  349.48	  P.	  rubens	  
CBS	  307.48	  P.	  rubens	  
CBS	  197.46	  P.	  rubens	  
CBS	  129667T	  P.	  rubens	  
CBS	  205.57	  P.	  rubens	  
99	  
CBS	  131539T	  P.	  vanluykii	  
CBS	  132197	  P.	  vanluykii	  
90	  
CBS	  132213	  P.	  chrysogenum	  
CBS	  131535	  P.	  chrysogenum	  
CBS	  132217	  P.	  chrysogenum	  
83	  
CBS	  131536	  P.	  chrysogenum	  
CBS	  776.95	  P.	  chrysogenum	  70	  
CBS	  412.69	  P.	  chrysogenum	  
CBS	  131524	  P.	  chrysogenum	  
CBS	  355.48	  P.	  chrysogenum	  
CBS	  131526	  P.	  chrysogenum	  
CBS	  131527	  P.	  chrysogenum	  
CBS	  302.67	  P.	  chrysogenum	  
CBS	  314.48	  P.	  chrysogenum	  
CBS	  259.29	  P.	  chrysogenum	  
CBS	  306.48T	  P.	  chrysogenum	  
CBS	  131525	  P.	  chrysogenum	  
CBS	  132070	  P.	  vanluykii	  
CBS	  132200T	  P.	  tardochrysogenum	  
90	  
CBS	  132074T	  P.	  allii-­‐sa7vi	  
CBS	  132207	  P.	  allii-­‐sa7vi	  
CBS	  132072	  P.	  allii-­‐sa7vi	  
CBS	  132071	  P.	  allii-­‐sa7vi	  
73	  
CBS	  131544	  P.	  allii-­‐sa7vi	  
98	  
100	  
CBS	  109616	  P.	  mononematosum	  
CBS	  112575	  P.	  mononematosum	  
CBS	  112106	  P.	  mononematosum	  
CBS	  112105	  P.	  mononematosum	  
CBS	  112104	  P.	  mononematosum	  
CBS	  172.87T	  P.	  mononematosum	  
88	  
CBS	  171.87T	  P.	  confertum	  
80	  
CBS	  132247	  P.	  ﬂavigenum	  
CBS	  419.89T	  P.	  ﬂavigenum	  
98	  
CBS	  110406	  P.	  ﬂavigenum	  
CBS	  110407	  P.	  ﬂavigenum	  
94	  
CBS	  110409	  P.	  ﬂavigenum	  
CBS	  110411	  P.	  ﬂavigenum	  
73	  
98	  
CBS	  131537T	  P.	  halotolerans	  
CBS	  131514	  P.	  desertorum	  
CBS	  131515	  P.	  desertorum	  
CBS	  131543T	  P.	  desertorum	  
71	  
CBS	  131542	  P.	  desertorum	  
100	  
CBS	  110413	  P.	  dipodomyis	  
CBS	  110414	  P.	  dipodomyis	  
CBS	  112570	  P.	  dipodomyis	  
CBS	  170.87	  P.	  dipodomyis	  
85	  
CBS	  110412T	  P.	  dipodomyis	  
CBS	  110415	  P.	  dipodomyis	  96	  
93	  
CBS	  109610	  P.	  nalgiovense	  
CBS	  352.48NT	  P.	  nalgiovense	  
CBS	  112438	  P.	  nalgiovense	  




CBS	  484.84	  P.	  lanosocoeruleum	  
CBS	  215.30T	  P.	  lanosocoeruleum	  
100	  
DTO	  055H2	  P.	  goetzii	  
DTO	  055H3	  P.	  goetzii	  
CBS	  812.70	  P.	  goetzii	  
DTO	  055H1	  P.	  goetzii	  
CBS	  285.73T	  P.	  goetzii	  
CBS	  581.67	  P.	  goetzii	  
CBS	  635.70	  P.	  goetzii	  
100	  
CBS	  111235T	  P.	  persicinum	  
87	  
80	  
CBS	  244.32NT	  P.	  egyp9acum	  
CBS	  867.70	  P.	  egyp9acum	  
CBS	  137.70	  P.	  egyp9acum	  
CBS	  457.72	  P.	  egyp9acum	  
CBS	  458.72	  P.	  egyp9acum	  
74	  
78	  
CBS	  456.72	  P.	  egyp9acum	  
99	  
CBS	  183.72	  P.	  kewense	  
CBS	  344.61IsoT	  	  P.	  kewense	  
CBS	  227.81	  Penicillium	  sp.	  
CBS	  653.82	  Penicillium	  sp.	  
97	  73	  
CBS	  279.82T	  P.	  sinaicum	  
100	  
CBS	  185.27NT	  P.	  griseofulvum	  
0.01	  
CBS	  132213	  P.	  chrysogenum	  
CBS	  132217	  P.	  chrysogenum	  
CBS	  131535	  P.	  chrysogenum	  
CBS	  131536	  P.	  chrysogenum	  
96	  
CBS	  259.29	  P.	  chrysogenum	  
CBS	  412.69	  P.	  chrysogenum	  
CBS	  131526	  P.	  chrysogenum	  
CBS	  355.48	  P.	  chrysogenum	  
CBS	  132074T	  P.	  allii-­‐sa7vi	  
CBS	  132071	  P.	  allii-­‐sa7vi	  
CBS	  132207	  P.	  allii-­‐sa7vi	  
CBS	  131544	  P.	  allii-­‐sa7vi	  
CBS	  132072	  P.	  allii-­‐sa7vi	  
CBS	  314.48	  P.	  chrysogenum	  
CBS	  306.48T	  P.	  chrysogenum	  
CBS	  776.95	  P.	  chrysogenum	  
CBS	  302.67	  P.	  chrysogenum	  
CBS	  131524	  P.	  chrysogenum	  
CBS	  131525	  P.	  chrysogenum	  
CBS	  131527	  P.	  chrysogenum	  
70	  
CBS	  129667T	  P.	  rubens	  
CBS	  339.52	  P.	  rubens	  
CBS	  349.48	  P.	  rubens	  
CBS	  205.57	  P.	  rubens	  
CBS	  307.48	  P.	  rubens	  
CBS	  319.59	  P.	  rubens	  
CBS	  131523	  P.	  rubens	  
CBS	  197.46	  P.	  rubens	  
88	  
CBS	  132070	  P.	  vanluykii	  
CBS	  132200T	  P.	  tardochrysogenum	  
CBS	  132197	  P.	  vanluykii	  
CBS	  131539T	  P.	  vanluykii	  
71	  
88	  
CBS	  110407	  P.	  ﬂavigenum	  
CBS	  110409	  P.	  ﬂavigenum	  
CBS	  110411	  P.	  ﬂavigenum	  
CBS	  110406	  P.	  ﬂavigenum	  
CBS	  132247	  P.	  ﬂavigenum	  
CBS	  419.89T	  P.	  ﬂavigenum	  
96	  
CBS	  131543T	  P.	  desertorum	  
CBS	  131515	  P.	  desertorum	  
CBS	  131514	  P.	  desertorum	  
CBS	  131542	  P.	  desertorum	  
CBS	  109616	  P.	  mononematosum	  
CBS	  112575	  P.	  mononematosum	  
CBS	  112105	  P.	  mononematosum	  
CBS	  112106	  P.	  mononematosum	  
85	  
CBS	  171.87T	  P.	  confertum	  
CBS	  112104	  P.	  mononematosum	  
CBS	  172.87T	  P.	  mononematosum	  
100	  
CBS	  131537T	  P.	  halotolerans	  
CBS	  110413	  P.	  dipodomyis	  
CBS	  170.87	  P.	  dipodomyis	  
CBS	  110414	  P.	  dipodomyis	  
CBS	  110415	  P.	  dipodomyis	  
CBS	  112570	  P.	  dipodomyis	  
CBS	  110412T	  P.	  dipodomyis	  
CBS	  109610	  P.	  nalgiovense	  
CBS	  318.92	  P.	  nalgiovense	  
CBS	  112438	  P.	  nalgiovense	  
CBS	  352.48NT	  P.	  nalgiovense	  
89	  
CBS	  111235T	  P.	  persicinum	  
CBS	  484.84	  P.	  lanosocoeruleum	  
CBS	  215.30T	  P.	  lanosocoeruleum	  
100	  
CBS	  137.70	  P.	  egyp9acum	  
CBS	  244.32NT	  P.	  egyp9acum	  
CBS	  867.70	  P.	  egyp9acum	  
CBS	  456.72	  P.	  egyp9acum	  
CBS	  457.72	  P.	  egyp9acum	  
CBS	  458.72	  P.	  egyp9acum	  
83	  
CBS	  183.72	  P.	  kewense	  
CBS	  344.61IsoT	  P.	  kewense	  
CBS	  279.82T	  P.	  sinaicum	  
CBS	  227.81	  Penicillium	  sp.	  
CBS	  653.82	  Penicillium	  sp.	  
99	  
78	  
DTO	  055H1	  P.	  goetzii	  
DTO	  055H2	  P.	  goetzii	  
DTO	  055H3	  P.	  goetzii	  
CBS	  581.67	  P.	  goetzii	  
CBS	  635.70	  P.	  goetzii	  
CBS	  285.73T	  P.	  goetzii	  
CBS	  812.70	  P.	  goetzii	  
99	  
CBS	  185.27NT	  P.	  griseofulvum	  




Extrolite	 Retention	time	 Retention	index	 UV	maxima	(nm)	(sh:	shoulder)	 Ref.
‘CRYPT1’	 10.62	 769	 200,	271	 A1
‘CRYPT2’	 10.87	 774	 200,	271	 A
‘CRYPT3’	 12.66	 812	 200,	271	 A
‘CRYPT4’	 14.66	 855	 200,	271	 A
‘FJOR1’	 6.43	 799	 200,	335	 A
‘FJOR2’	 6.67	 810	 200,	228,	270,	330	 A
‘KNOLF’	 16.76	 900	 202,	235sh,	270,	337	 A
‘POO’	 15.07	 864	 202,	266,	319	 A
‘TBRE’	 7.60	 705	 221,	267,	331	 A
‘KEWS1’	 2.67	 692	 220,	275,	297,	380,	400sh	 A
‘KEWS2’	 6.96	 802	 200,	225,	250,	275,	311sh,	378,	400sh	 A
‘KEWS3’	 13.11	 967	 226,	250sh,	260,	276sh,	355sh,	376,	385	 A
‘AURIN’	 6.48	 814	 200,	235,	311	 A
‘DOLDOX’	 2.86	 710	 265	 A
‘MURA’	 25.39	 1479	 201,	212sh,	265,	310	 A
‘XYLA’	 5.03	 773	 201,	231,	281,	320	 A
‘FOPT’	 12.54	 976	 200,	240sh,	319	 A
‘FORN1’	 20.84	 1280	 204,	239,	292	 A
‘FORN2’	 25.57	 1494	 204,	239,	292	 A
‘FORN3’	 16.58	 1111	 204,	239,	292	 A
‘HO6’	 8.22	 847	 200,	225,	242,	274sh,	323	 A
‘DOLDO’	 4.63	 710	 280	 B2
‘met	Ø’	 7.95	 852	 210,	255,	275sh	 B
‘ALKONA’	 11.60	 1974	 200,	215sh,	265,	287sh	 B
‘AURCH’	 6.89	 796	 200,	228,	310	 B
a naphtho-γ-pyrone	 6.77	 814	 202,	232,	280,	328,	338,	405	 B
chrysogenamide	 9.87	 963	 221,	273,	280sh	 B
‘DERH’	 8.02	 869	 223,	280,	359,	440sh	 B
‘GULLA’	 8.15	 875	 220,	272,	359,	481sh	 B
‘KUTZ’	 12.70	 1057	 220,	269,	320,	412	 B
‘OTOF’	 12.48	 1038	 217,	271,	315	 B
‘SENGAX’	 15.48	 1360	 220,	277,	330	 B
‘SNORL’	 15.84	 1380	 210,	225,	264,	323	 B
‘SPOFI’	 12.21	 1106	 200,	227sh	 B
‘CD1’	 11.460	 892	 200,	273	 C3
‘CD2’	 12.782	 919	 200,	273	 C
‘CD3’	 13.612	 935	 200,	273	 C
‘CD4’	 13.972	 942	 200,	273	 C
‘CD5’	 15.960	 981	 200,	273	 C
‘CDU’	 9.854	 858	 200,	220,	275	 C
‘CRYPT’	 10.769	 877	 200,	269	 C
‘DI’	 11.891	 886	 200,	240,	270,	325	 C
‘DIOR’	 14.143	 947	 200,	261,	425	 C
‘DIPA’	 17.554	 995	 200,	213,	236,	259,	295,	331	 C
‘FCD’	 7.359	 808	 200,	215,	280,	341	 C
‘GNALDI’	 10.174	 865	 200,	224,	335	 C
‘TOLO’	 16.828	 990	 207,	250,	281,	376	 C
‘VIK’	 25.092	 1163	 200,	210sh,	280sh,	330-375	 C
Tetronic	acid,	P. egyptiacum	1	 1.390	 6974	 227,	261,	322sh	 C
Tetronic	acid,	P. egyptiacum	1	 1.623	 7014	 200,	223,	270sh,	303	 C
Tetronic	acid,	P. egyptiacum	1	 1.918	 7084	 200,	225sh,	275	 C
‘BR’	 3.846	 733	 200,	225,	271,	320sh,	421	 C
‘met	U’	 2.679	 711	 200,	230+,	263,	364	 C
‘PRU’	 1.892	 697	 200,	235,	280	 C
‘RAIS’	 3.51	 716	 214,	222sh,	270,	310	 C
‘SNOK’	 14.15	 911	 (200),	275	 C
‘VERNX’	 2.285	 704	 202,	285	 C
‘ASTYL’	 16.819	 994	 263,	359	 C
‘GULLA’	 15.283	 964	 220,	272,	359,	431sh	 C
‘MER’	 7.351	 798	 222,	225sh,	263,	318	 C
‘MONTI’	 17.416	 992	 200,	210sh,	266,	280sh,	372,	440sh	 C
‘PJIM’	 13.656	 993	 200,	218,	270	 C
‘PLOT’	 17.571	 987	 202,	265,	281.	360	 C
‘PAEL’	 29.533	 1291	 230	 C
‘PYTO’	 4.384	 741	 200,	276,	370	 C
‘SNAT’	 19.394	 1043	 200,	224sh,	275	 C
‘TRYP’	 12.304	 893	 202,	225,	279,	300sh	 C
‘VERNX2’	 1.877	 694	 202,	285	 C
‘CUCU’	 1.519	 683	 202,	222sh,	277,	300sh	 C
‘PLIL’	 23.405	 1218	 200,	223sh,	299	 C





even with 8 loci, the resulting haplotype assignments may not 
be	precise	enough	to	correlate	with	a	precise	genome.
TAxonoMy
Penicillium allii-sativi Frisvad, Houbraken & Samson, sp. nov.	
—	MycoBank	MB801873;	Fig.	5
 Typus.	ArgentinA,	Mendoza,	Lavalle,	Col	3	de	Mayo,	on	bulbs	of	Allium 
sativum (garlic),	M. Makuch & J. Valdez	(CBS	H-21058	holotype,	cultures	
ex-type	CBS	132074	=	IBT	26507	=	DTO	149-A8	=	LJC	206).	













reagents.	Sclerotia	absent.	Conidiophores borne from the agar 
surface,	ter-	or	quarterverticillate,	divaricate.	Stipes	200–400 
× 3–4	µm,	smooth	walled.	Branches	15–25(–35) × 3–4	µm.	
Metulae	unequal	in	length,	in	verticils	of	3–8,	10–12(–16) × 
2.5–3.5	µm.	Phialides	ampulliform,	in	verticils	of	4–10,	closely	
packed,	7.5–8.5 × 2–5.5	µm.	Conidia globose to subglobose, 
smooth,	2.5–3.5	µm.
 Diagnosis — Penicillium allii­sativi is phenotypically similar 
to P. chrysogenum and P. vanluykii.	 Isolates	of	 this	species	
produce conidia in shades of dark green on CYA and yellow 
soluble	pigment	usually	absent	on	CYA	incubated	at	30	°C.






2-(4-hydroxyphenyl)-2-oxo	 acetaldehydeoxim,	 a	 naptho-γ-
pyrone,	2-pyruvoylaminobenzamide,	roquefortine	C,	D,	melea-






and has been isolated from garlic, soil, salterns, sorghum malt 
and	mixed	pig	feed	(Henk	et	al.	2011,	this	study).	This	species	
is not a pathogen on garlic like P. allii	(Valdez	et	al.	2009).
	 Barcode	&	Molecular	based	ID — ITS	sequencing	is	impre-
cise	for	species	identiﬁcation	because	all	investigated	strains	
of P. allii­sativi and P. chrysogenum	CBS	306.48T share the 
same	ITS	sequence	(GenBank	JX997021).
Fig. 4   Haplotype network of P. chrysogenum	 (yellow),	P. rubens	 (blue),	
P. vanluykii (purple),	P. allii­sativi	(green)	and	P. tardochrysogenum	(black)	
strains	 based	 on	 cmd,	 benA,	RPB1,	RPB2,	TrpC,	ParA,	 FacA	and	 ITS	
sequences.	In	total,	43	different	haplotypes	were	detected	and	a	detailed	
list	is	given	in	Table	1.	Red	coloured	circles	represent	median	vectors.	The	
lines between the groups connecting the haplotypes show the number of 
nucleotides	differing.	
Fig. 3			Scanning	Electron	Micrographs	of	ascospores	of	species	belonging	to	Penicillium section Chrysogena.	a.	P. egyptiacum	CBS	244.32;	b.	P. egyptiacum 




Penicillium desertorum Frisvad, Houbraken & Samson, 
 sp. nov.	—	MycoBank	MB801874;	Fig.	6
 Typus. USA,	Wyoming,	20	km	east	of	Little	America,	ex	cool	desert	soil	






green or greyish dull green, exudate absent or sparsely pro-




























	 Diagnosis	—	Isolates	of	P. desertorum do not produce yellow 
pigments	on	CYA	incubated	at	25	°C	and	30	°C	and	colonies	on	
YES	have	a	beige-brown	or	brown,	cerebriform,	sulcate	reverse.	
This	species	is	unique	in	sect.	Chrysogena by the production 
of conidiophores that have several short, divaricate branches 
at	various	levels	along	the	stipe.





	 Extrolites — 2-(4-hydroxyphenyl)-2-oxo	acetaldehyde	oxim,	
Raistrick	phenols,	austalides?,	‘FOL’.






	 Barcode	&	Molecular	based	ID — Two	ITS	sequence	types	
are detected in P. desertorum.	DTO	016-B5,	DTO	148-I5	and	
DTO	148-I6	 share	 the	same	 ITS	sequence	and	 this	 type	 is	
species	speciﬁc	(GenBank	JX997010).	DTO	015-H9	shares	its	
ITS	sequence	with	the	type	of	P. chrysogenum	CBS	306.48T 
(GenBank	 JX997038)	 and	 therefore	 ITS	 sequencing	 is	 im-
precise	 for	 identiﬁcation	 of	P. desertorum.	Partial	β-tubulin, 
calmodulin,	RPB1	or	RPB2	sequences	are	recommended	for	
species	identiﬁcation.
Penicillium goetzii J.	Rogers, Frisvad, Houbraken & Samson, 
sp. nov. —	MycoBank	MB801876;	Fig.	7
 Typus.	CAnAdA, Calgary, ex soil, J. Bissett	(CBS	H-21061	holotype,	cul-
tures	ex-type	CBS	285.73	=	DTO	088-G6).
 Etymology. Named	 after	 John	Richard	Goetz	 III,	 a	 student	 of	 Jack	 
Rogers	who	isolated	this	species	(isolates	DTO	055-H1,	DTO	055-H2	and	
DTO	055-H3)	and	performed	experiments	with	it.
Sporulation	 on	CYA	 variable,	 absent	 to	 dense;	 velvety	 or	
slightly	floccose,	colonies	with	a	feathery	edge,	radially	sulcate;	





occasionally present and dense, grey green en masse;	exudate	





or produced as clear or light brown droplets, reverse unaffected 
or	becoming	yellow.	No	violet	 reaction	with	Ehrlich	 reagent.	
Ascomata white when young, becoming creamish brown in 
time,	maturing	within	 3–6	wk,	 150–350	µm.	Asci	 6.5–11 × 
5.5–8	µm.	Ascospores	ellipsoidal,	with	two	distinct	equatorial	
ridges and often two secondary ridges which are connected 
by transverse ribs, valves ornamented with a reticulate pat-
tern,	3–5 × 3–4.5	µm.	Conidiophores borne from surface and 
aerial	mycelium,	ter-	to	quarterverticillate,	200–400 × 2.5–3.5	
µm,	smooth	walled.	Branches 12–20 × 2.5–3.5	µm.	Metulae 




 Diagnosis — Penicillium goetzii is characterised by fast 
growth rate on CYA, production of brown soluble pigments 
on	CYA	 and	 ascospores	measuring	 3–4.5 × 2.5–4	 µm.	 It	
forms	larger	colonies	on	DG18	after	7	d	of	incubation	at	25	°C	
(22–30	mm)	 than	P. kewense	 (12–19	mm)	and	differs	 from	 
P. egyptiacum	by	ascospore	size	and	ornamentation.









	 Distribution	&	Ecology — The	primary	substrate	seems	to	





	 Barcode	&	Molecular	based	ID	— This	species	can	be	iden- 





Penicillium halotolerans Frisvad, Houbraken & Samson, sp. 
nov. —	MycoBank	MB801875;	Fig.	8












Ehrlich	reagent.	Sclerotia	absent.	Conidiophores borne from 
surface;	 stipes	 (100–)200–300(–500) × 2–3.5	µm,	 smooth	
walled,	 ter-	 to	quarterverticillate,	bearing	 terminal	verticils	of	
2–4	metulae.	Branches	divaricate,	10–20(–40) × 2–3.5	µm.	
Metulae	 unequal	 in	 length,	 (8–)10–15 × 2–3	µm.	Phialides 
ampulliform	to	cylindrical,	 in	verticils	of	2–6,	7.5–9 × 2–2.5	
µm.	Conidia	globose,	smooth,	2–3	µm.
 Diagnosis — Penicillium halotolerans can be distinguished 








	 Extrolites — Andrastin	A,	 roquefortine	C	&	D,	meleagrin,	
Raistrick	phenols	and	 the	uncharacterised	compounds	such	
as	‘CUCU’	and	‘PLIL’.






	 Barcode	&	Molecular	based	ID — This	species	can	be	reli-
ably	identiﬁed	using	ITS	barcoding	(GenBank	JX997005).	
Penicillium tardochrysogenum Frisvad, Houbraken & Sam-
son, sp. nov. —	MycoBank	MB801877;	Fig.	9
 Typus. AntArCtiCA,	McMurdo	Dry	Valley,	S. Onofri	(CBS	H-21057	holotype,	
cultures	ex-type	CBS	132200	=	IBT	30075	=	DTO	149-B9.
















ments	 on	YES	absent;	mycelium	white;	 sporulation	 absent;	
exudate	absent,	reverse	yellow-brown.	Sporulation	on	DG18	
dense;	conidia	grey	green	en masse;	reverse	pale.	Colonies	
on	MEA	 floccose	with	 a	wide,	 non-sporulating	 edge	 (4–8	
mm);	 exudate	 droplets	 large	 in	 centre,	 smaller	 towards	 the	
rim	of	colony,	hyaline;	sporulation	bluish	grey	green,	reverse	












of	2–4,	10–13(–18) × 2.5–3.5	µm.	Phialides ampulliform, in 
verticils	of	3–8,	closely	packed,	short,	7–9 × 2–3	µm.	Conidia 
globose,	ﬁnely	roughened,	2.7–3.5	µm.
 Diagnosis — Penicillium tardochrysogenum differs from 
other members of series Chrysogena by more restricted and 
floccose	 colonies	 on	MEA,	 lack	 of	 sporulation	 on	YES	and	








the asperentins, a series of compounds not produced by other 
members of series Chrysogena.











	 Extrolites — Penicillins, secalonic acids D & F, asperentins 
and	the	uncharacterised	extrolite	met	Ø.
	 Distribution	&	Ecology — This	species	is	only	known	from	
its	type,	which	was	isolated	from	the	McMurdo	Dry	Valley,	Ant-
arctica.




Penicillium vanluykii Frisvad, Houbraken & Samson, sp. nov. 
—	MycoBank	MB801878;	Fig.	10
 Typus. USA,	New	Mexico,	Carlsbad,	ex	Lechuguilla	Cave,	D. Northup 
(CBS	H-21059	holotype,	cultures	ex-type	CBS	131539	=	IBT	14505	=	DTO	
148-I2).
 Etymology. Named	after	Abraham	van	 Luyk,	 a	CBS	mycologist	who	
worked on the antibiotic activity of Penicillium	in	the	1940s.
Sporulation	 on	CYA	dense;	 colonies	 entire,	 velvety,	 sulcate	











with	Ehrlich	 reagent.	Sclerotia	absent.	Conidiophores borne 
from	surface;	 quarterverticillate.	Stipes	 100–300	×	 2.5–3.5	
µm,	smooth	walled.	Branches	divaricate,	15–25 × 2.5–3.5	µm.	
Metulae	equal	in	length,	3–8,	8–12 × 3–3.5(–4)	µm.	Phialides 
ampulliform,	in	verticils	of	4–10,	closely	packed,	short,	6.5–8.5 
× 2–3	µm.	Conidia globose to subglobose, smooth, with distinct 
connectives,	2.5–3.5	µm.
 Diagnosis — Penicillium vanluykii is phenotypically similar to 









	 Extrolites — Penicillins, chrysogine,	 roquefortine	C	 and	
meleagrin, and andrastin A and the uncharacterised extrolites 
‘CRYPT’	(4	compounds),	‘POO’,	‘KNOLF’,	‘TBRE’,	‘FJOR’	(2	
compounds).












logenetic species are present in P. mononematosum	(according	
the	PSC)	and	also	P. egyptiacum	might	represent	three	taxa.
Penicillium allii-sativi Frisvad, Houbraken & Samson, this 
study.






	 = Penicillium citreoroseum	Dierckx,	Ann.	Soc.	Sci.	Bruxelles	25:	86.	1901;	
nom.	rej.
	 = Penicillium griseoroseum	Dierckx,	Ann.	Soc.	Sci.	Bruxelles	 25:	 86.	
1901;	nom.	rej.
	 = Penicillium brunneorubrum	Dierckx,	Ann.	Soc.	Sci.	Bruxelles	25:	88.	
1901;	nom.	rej.










 Notes — Penicillium brunneorubrum, P. citreoroseum and 
P. griseoroseum predate P. chrysogenum but these names are 
formally nomina rejicienda	(McNeill	et	al.	2006).	No	(ex-type)	
material was available of P. chrysogenum	var.	brevisterigma 
and this invalidly described species is tentatively placed in 
synonymy with P. chrysogenum.
Penicillium confertum	(Frisvad	et	al.)	Frisvad,	Mycologia	81:	
852.	1989.




Penicillium desertorum Frisvad, Houbraken & Samson, this 
study.
 Typus: USA,	Wyoming,	20	km	east	of	Little	America,	 cool	desert	 soil	
under Oryzopsis hymenoides, J.C. Frisvad	(CBS	H-21056).





	 =	Penicillium chrysogenum	 var.	dipodomyis	 Frisvad,	 Filt.	 &	Wicklow,	
Canad.	J.	Bot.	65:	766.	1987.














 Typus. denmArk, wheat flour, J.C. Frisvad,	1985	(CBS	419.89).	
Penicillium goetzii	J.	Rogers,	Frisvad,	Houbraken	&	Samson,	
this	study.	
 Typus. CAnAdA, Calgary, soil, J. Bissett	(CBS	H-21061).
Penicillium halotolerans Frisvad, Houbraken & Samson, 
	 this	study.
 Typus. egypt, salt marsh, A.H. Moubasher (CBS	H-21060).
Penicillium kewense	G.	Sm.,	Trans.	Brit.	Mycol.	Soc.	44:	42.	 
1961.
 Typus. Contaminant of a culture stored under mineral oil, G. Smith 
(LSHTM	BB400).
	 =	Eupenicillium crustaceum	F.	Ludw.,	Lehrb.	Nied.	Krypt.:	263.	1892.
 Notes — Penicillium crustaceum was described by Fries 
(1829:	407).	Crusts	of	conidia	are	formed	by	several	species	in	
Penicillium	and	Fries’	description	of	this	species	is	not	informa-










(as	P. crustaceum)	 and	 later,	 Ludwig	 (1892)	 introduced	 the	
generic name Eupenicillium based on the name used by Winter 
and named this species Eupenicillium crustaceum.	Penicillium 
kewense most closely resembles the species described by 
Brefeld	 (Scott	&	Stolk	 1967)	 and	 therefore,	 applying	 single	
name nomenclature, we use this epithet for strains formerly 
identiﬁed	as E. crustaceum.	
Penicillium lanosocoeruleum Thom,	the	Penicillia:	322.	1930.
 Typus.	USA,	culture	contaminant	of	P. cyclopium culture, C. Thom	(NRRL	
888).	
 = Penicillium aethiopicum	Frisvad,	Mycologia	81:	848.	1990.
 Notes — Penicillium aethiopicum	CBS	484.84T and P. lano­
socoeruleum	CBS	215.30T	are	conspeciﬁc.	This	is	supported	by	
molecular	data,	phenotypic	characteristics	and	extrolite	data.	





















 Typus. CzeCh repUbliC,	Ellischauer	cheese	(CBS	352.48	neotype).
Penicillium persicinum	L.	Wang,	H.B.	Zhou,	Frisvad	&	Sam-
son,	Antonie	van	Leeuwenhoek	86:	177.	2004.






	 = Penicillium camerunense	R.	Heim,	Nouvel	&	Saccas,	Bull.	Acad.	Belg.	
C1.	Sci.,	Ser.	5,	35:	52.	1949	(nom.	inval.	Art.	36,	without	Latin	diagnosis).






(=	CBS	132210	=	DTO	100-F6	=	 IBT	5303)	was	 similar	 to 
P. baculatum, but no ex-type of P. baculatum has been saved 
in culture collections. Therefore,	we	decided	to	place	this	spe-
cies in synonymy with P. rubens.	Similarly,	no	type	material	of	
P. meleagrinum	is	available.	Raper	&	Thom	(1949)	based	their	
description of P. meleagrinum	on	NRRL	836	(=	CBS	349.48	=	
DTO	098-G1	=	IBT	4350)	and	NRRL	2136	(=	CBS	131532	=	
DTO	100-H3	=	IBT	30138	=	NRRL	2136).	The	former	strain	is	





marine sludge, H. Komatsu	(NHL	2894).
	 =	Eupenicillium sinaicum	Udagawa	&	S.	Ueda,	Mycotaxon	14:	266.	1982.
Penicillium tardochrysogenum Frisvad, Houbraken & Sam-
son,	this	study.
 Typus. AntArCtiCA,	Dry	Valley,	S. Onofri	(CBS	H-21057).
Penicillium vanluykii Frisvad, Houbraken & Samson, this 
study.
 Typus. USA,	New	Mexico,	Carlsbad,	Lechuguilla	Cave,	D. Northup (CBS	
H-21059).
dISCuSSIon
With this revision, Penicillium sect.	Chrysogena now consists 
of 18 phylogenetic and phenotypic species, most of which are 
also	diagnosable	morphologically.	Compared	with	the	classi-
ﬁcation	of	Houbraken	&	Samson	(2011),	six	new	species	are	 
added to this section and P. molle is synonymised with P. egyp­
tiacum and P. aethiopicum with P. lanosocoeruleum.	Recent	





centred on the ex-type strain of P. chrysogenum CBS	306.48 (=	










vanluykii and P. allii­sativi.	A	large	number	of	species	resembling	
P. chrysogenum	have	been	described	historically	(Samson	et	
al.	1977,	Pitt	1980)	and	all	are	placed	here	in	synonymy	with	P. 
chrysogenum or P. rubens.	Houbraken	et	al.	(2011a)	focused	
on penicillin producing strains and also included the ex-type 
strains of P. griseoroseum, P. notatum and P. rubens.	Various	
synonyms of P. chrysogenum were included in the study of Henk 
et	al.	(2011)	and	their	species	designations	largely	correspond	
with	the	current	study.	The	only	exception	is	the	placement	of	
P. camerunense	CBS	339.52T in synonymy with P. rubens, 
whereas	Henk	et	al.	(2011)	treated	this	species	as	P. chryso­
genum.	Our	multigene	phylogeny	(Fig.	1)	and	the	haplotype	
network	analysis	 (Fig.	4)	demonstrate	 that	P. aromaticum f.	
microsporum	(nom.	inval.),	P. brunneorubrum, P. chlorophaeum, 
P. citreorosum, P. cyaneofulvum, P. griseoroseum, P. harmo­
nense, P. notatum and P. roseocitreum, are all synonyms of 
P. chrysogenum.	Additionally,	P. camerunense	 (nom.	 inval.)	
and P. chrysogenum mut.	fulvescens	should	be	placed	in	syn-
onymy with P. rubens.	An	overview	of	accepted	species	and	
their	synonyms	is	given	in	the	Taxonomy	part	of	this	paper.
Pitt	(1974,	1980)	treated	E. egyptiacum, P. kewense	(as	E. crus­ 
taceum)	and	E. molle as distinct species based on the orna-
mentation	 and	 size	 of	 the	 ascospores.	 In	 contrast,	Stolk	&	
Samson	(1983)	deﬁned	P. kewense	(as	E. crustaceum)	as	one	
variable	species.	Although	Stolk	&	Samson	(1983)	included	ﬁve	
ascospore patterns in their circumscription of P. kewense, they 
treated E. molle and E. egyptiacum as small-spored strains of 
P. kewense.	They	also	observed	the	same	ornamentation,	but	
the ribs and ridges on ascospores of E. egyptiacum were less 
pronounced.	Our	 results	 show	 that	P. kewense sensu Stolk 
&	Samson	(1983)	can	be	divided	into	at	least	three	species:	 
P. egyptiacum, P. goetzii and P. kewense, while P. molle is 
placed in synonymy with P. egyptiacum.	Our	study	also	shows	
that the isolates with large ascospores represent a separate 
species, here named P. goetzii.	Phylogenetic	analyses	indicate	





between P. brefeldianum and P. egyptiacum.	The	description	of	
this species is deferred until more strains of this tentative new 
species	are	collected.
Polyphasic characterisation of Penicillium species allows iden- 
tiﬁcation	using	several	different	types	of	data,	including	colony	
characters	 and	micromorphology	 (morphological	 species	
concept),	extrolite	proﬁles	(phenotypic	species	concept)	and	
correlations	among	multigene	phylogenies	(phylogenetic	spe-
cies	 concept).	The	new	species	 described	here	meet	 all	 of	
these criteria as distinct species, although their morphological 
characters are similar to other species of Penicillium	 sect.	
Chrysogena,	which	are	 notoriously	 difﬁcult	 to	 identify	 using	
classical	taxonomic	techniques.	In	common	with	other	species	
level studies of Penicillium subgenus Penicillium,	sequences	of	
the	ITS	region	have	minimal	resolution	for	distinguishing	closely	
related	 species	 in	 sect.	Chrysogena	 (Skouboe	 et	 al.	 1999,	
Houbraken	et	al.	2011b).	The	individual	gene	trees	based	on	
RPB1	and	β-tubulin	sequence	data	generated	the	best	cluster-
ing of species, and these genes are therefore promising loci for 
barcoding	within	this	genus.	Neither	gene	tree	correlates	well	




members	(P. kewense, P. goetzii, P. egyptiacum, P. sinaicum)	
are all homothallic and there are indications that P. chryso­






some unpublished crossing experiments with P. chrysogenum 
isolates have apparently resulted in the production of cleisto-
thecia and ascospores, similar to those described recently for 
P. kewense (Böhm	et	al.	2012).	The	limited	number	of	success-
ful mating experiments in P. chrysogenum might be explained 
by	the	strains	used	in	these	experiments.	Perhaps	strains	main-
tained	for	long	periods	in	culture	collections	lose	their	fertility.	
For example, the heterothallic Histoplasma capsulatum lost 
fertility rapidly during laboratory passage, leading to speculation 
that selective pressures might serve to maintain fertility in the 
environment	(Kwon-Chung	et	al.	1974,	Fraser	et	al.	2007).	For	
the heterothallic and heat resistant Byssochlamys spectabilis 
(syn. Paecilomyces variotii),	 it	was	 shown	 that	 only	 strains	
derived	from	pasteurised	products	were	fertile	(Houbraken	et	
al.	2008).	 It	will	 therefore	be	promising	to	repeat	 the	mating	
experiments with Penicillium	strains	freshly	isolated	from	nature.	
Another possible reason for unsuccessful crossing experiments 
may	be	 stringent	 conditions	 required	 for	 successful	mating.	
Various	growth	 factors	 induce	the	formation	of	cleistothecia,	
such	as	 temperature,	 light,	nutrient	and	oxygen	 levels	 (Han	
et	al.	2003).	Recently,	Houbraken	et	al.	 (2010)	showed	 that	 
P. psychrosexualis, a species related to P. roqueforti, produces 
abundant	 cleistothecia	 at	 low	 temperatures	 (9–15	°C).	The	
production of a sexual stage at low temperatures might be 
more widespread in Penicillium, and mating experiments at 
this temperature might result in the discovery of a sexual stage 
in	other	species.
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